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RECOMBINATION OF POLYNUCLEOTIDE SEQUENCES 
USING RANDOM OR DEFINED PRIMERS 

The U.S. Government has certain rights in this invention pursuant to 
Grant No. DE-FG02-93-CH 10578 awarded by the Department of Energy and 
Grant No. N000 14-96- 1-0340 awarded by the Office of Naval Research. 

BACKGROUND OF THE INVENTION 

0 

1. Field of the Invention 

The present invention relates generally to in vitro methods for 
mutagenesis and recombination of polynucleotide sequences. More 
particularly, the present invention involves a simple and efficient method for in 
vitro mutagenesis and recombination of polynucleotide sequences based on 
polymerase-catalyzed extension of primer oligonucleotides, followed by gene 
assembly and optional gene amplification. 

2. Description of Related Art 

The publications and other reference materials referred to herein to 
describe the background of the invention and to provide additional detail 
regarding its practice are hereby incorporated by reference. For convenience, 
the reference materials are numerically referenced and grouped in the 
appended bibliography. 

Proteins are engineered with the goal of improving their performance 
for practical applications. Desirable properties depend on the application of 
interest and may include tighter binding to a receptor, high catalytic activity, 
high stability, the ability to accept a wider (or narrower) range of substrates, or 
the ability to function in nonnatural environments such as organic solvents. A 
variety of approaches, including 'rational' design and random mutagenesis 
methods, have been successfully used to optimize protein functions (1). The 
choice of approach for a given optimization problem will depend upon the 
degree of understanding of the relationships between sequence, structure and 
function. The rational redesign of an enzyme catalytic site, for example, often 
requires extensive knowledge of the enzyme structure, the structures of its 
complexes with various ligands and analogs of reaction intermediates and 
details of the catalytic mechanism. Such information is available only for a 
very few well-studied systems; little is known about the vast majority of 
potentially interesting enzymes. Identifying the amino acids responsible for 
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existing protein functions and those which might give rise to new functions 
remains an often-overwhelming challenge. This, together with the growing 
appreciation that many protein functions are not confined to a small number 
of amino acids, but are affected by residues far from active sites, has 
prompted a growing number of groups to turn to random mutagenesis, or 
'directed' evolution, to engineer novel proteins (1), 

Various optimization procedures such as genetic algorithms (2,3) and 
evolutionary strategies (4,5) have been inspired by natural evolution. These 
procedures employ mutation, which makes small random changes in 
members of the population, as well as crossover, which combines properties of 
different individuals, to achieve a specific optimization goal. There also exist 
strong interplays between mutation and crossover, as shown by computer 
simulations of different optimization problems (6-9). Developing efficient and 
practical experimental techniques to mimic these key processes is a scientific 
challenge. The application of such techniques should allow one, for example, 
to explore and optimize the functions of biological molecules such as proteins 
and nucleic acids, in vivo or even completely free from the constraints of a 
living system (10,11). 

Directed evolution, inspired by natural evolution, involves the 
generation and selection or screening of a pool of mutated molecules which 
has sufficient diversity for a molecule encoding a protein with altered or 
enhanced function to be present therein. It generally begins with creation of a 
library of mutated genes. Gene products which show improvement with 
respect to the desired property or set of properties are identified by selection 
or screening. The gene(s) encoding those products can be subjected to further 
cycles of the process in order to accumulate beneficial mutations. This 
evolution can involve few or many generations, depending on how far one 
wishes to progress and the effects of mutations typically observed in each 
generation. Such approaches have been used to create novel functional 
nucleic acids (12), peptides and other small molecules (12), antibodies (12), as 
well as enzymes and other proteins (13,14,16). Directed evolution requires 
little specific knowledge about the product itself, only a means to evaluate the 
function to be optimized. These procedures are even fairly tolerant to 
inaccuracies and noise in the function evaluation (15). 

The diversity of genes for directed evolution can be created by 
introducing new point mutations using a variety of methods, including 
mutagenic PCR (15) or combinatorial cassette mutagenesis (16). The ability to 
recombine genes, however, can add an important dimension to the 
evolutionary process, as evidenced by its key role in natural evolution. 
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(1) GENERAL INFORMATION: 

(i) APPLICANTS: Frances H. Arnold 
Zhixin Shao 
Joseph A. Affholter 
Huimin Zhao. 
Lori Giver 

(ii) TITLE OF INVENTION: Recombination of Polynucleotide 
Sequences Using Defined or Random Primer Sequences 

0 

(iii) NUMBER OF SEQUENCES: 25 

(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: Oppenheimer Poms Smith 

(B) STREET: 2029 Century Park East, Suite 3800 

(C) CITY: Los Angeles 
<D) STATE: CA 

(E) COUNTRY: USA 

(F) ZIP: 90067 

(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: Windows 

(D) SOFTWARE: Microsoft Word 6.0 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: 

(B) FILING DATE: 

(C) CLASSIFICATION: 

(vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: 60/041,666 

(B) FILING DATE: March 25, 1997 

(C) APPLICATION NUMBER: 60/045,211 

(D) FILING DATE: April 30, 1997 • 

(E) APPLICATION NUMBER: 60/046,256 

(F) FILING DATE: May 12, 1997 

(viii) ATTORNEY/AGENT INFORMATION: 

(A) NAME: Oldenkamp, David J. 

(B) REGISTRATION NUMBER: 29,421 

(C) REFERENCE/DOCKET NUMBER: 330187-84 

<ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: (310) 788-5000 

(B) TELEFAX: (310) 277-1297 

(2) INFORMATION FOR SEQ ID NO: 1: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 22 nucleotides 

(B) TYPE: nucleotide 

(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: oligonucleotide 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1: 
CCG AGC GTT GCA TAT GTG GAA G 22 



(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 nucleotides 

(B) TYPE: nucleotide 

(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: oligonucleotide 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 
CGA CTC TAG AGG ATC CGA TTC 21 



(2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 21 nucleotides 

(B) TYPE: nucleotide 

(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: oligonucleotide 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 
GAG CAC ATC AGA TCT ATT AAC . 21 



(2) INFORMATION FOR SEQ ID NO : 4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 nucleotides 

(B) TYPE: nucleotide 

(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: oligonucleotide 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 
GGA GTG GCT CAC AGT CGG TGG 21 



(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 nucleotides 

(B) TYPE: nucleotide 

(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: oligonucleotide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 
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TTG AAC TAT CGG CTG GGG CGG 



21 



(2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 nucleotides 

(B) TYPE: nucleotide 

(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: oligonucleotide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6:. 



(2) INFORMATION FOR SEQ ID NO: 7: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 nucleotides 

(B) TYPE: nucleotide 

(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: oligonucleotide 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 
TCA GAG ATT ACG ATC GAA AAC 21 



(2) INFORMATION FOR SEQ ID NO: 8: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 nucleotides 

(B) TYPE: nucleotide 

(C) TOPOLOGY:, linear 

(ii) MOLECULE TYPE: oligonucleotide 
(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 
GGA TTG TAT CGT GTG AGA AAG 21 



(2) INFORMATION FOR SEQ ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 nucleotides 

(B) TYPE: nucleotide 

(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: oligonucleotide 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 
AAT GCC GGA AGC AGC CCC TTC 21 



0 



TTA CTA GGG AAG CCG CTG GCA 



21 



(2) INFORMATION FOR SEQ ID NO: 10: 
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(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 nucleotides 

(B) TYPE: nucleotide 

(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: oligonucleotide 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 
CAC GAC AGG AAG ATT TTG ACT 21 



(2) INFORMATION FOR SEQ ID NO: 11: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 nucleotides 

(B) TYPE: nucleotide 

(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: oligonucleotide 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11: 
ACT TAA TCT AGA GGG TAT TA .20 



(2) INFORMATION FOR SEQ ID NO: 12: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 nucleotides 

(B) TYPE: nucleotide 

(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: oligonucleotide 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 
AGC CTC GCG GGA TCC CCG GG 20 



(2) INFORMATION FOR SEQ ID NO: 13: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 28 nucleotides 

(B) TYPE: nucleotide 

(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: oligonucleotide 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 
GGT AGA GCG AGT CTC GAG GGG GAG ATG C 28 



(2) INFORMATION FOR SEQ ID NO: 14: 



(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 22 nucleotides 
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(B) TYPE: nucleotide 
<C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: oligonucleotide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14: 

AGC CGG CGT GAC GTG GGT CAG C 22 



(2) INFORMATION FOR SEQ ID NO: 15: 

. (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 22 nucleotides 

(B) TYPE: nucleotide 

(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: oligonucleotide 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15: 
CCG AGC GTT GCA TAT GTG GAA G 22 



(2) INFORMATION FOR SEQ ID NO: 16: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 nucleotides 

(B) TYPE: nucleotide 

(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: oligonucleotide 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16: 
CGA CTC TAG AGG ATC CGA TTC 21 



(2) INFORMATION FOR SEQ ID NO: 17: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 22 nucleotides 

(B) TYPE: nucleotide 

(C) TOPOLOGY: linear 

. (ii) MOLECULE TYPE : oligonucleotide 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 17: 
CGG TAC GCA TGT AGC CGG TAC G 22 



(2) INFORMATION FOR SEQ ID NO: 18: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 22 nucleotides 

(B) TYPE: nucleotide 

(C) TOPOLOGY: linear 
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(ii) MOLECULE TYPE: oligonucleotide 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 18: 
CGG TAG GAT TGC CGC CGG TAG G 22 



(2) INFORMATION FOR SEQ ID NO: 19: 

( i ) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 22 nucleotides 

(B) TYPE: nucleotide 

(C) TOPOLOGY: linear 

0 

(ii) MOLECULE TYPE: oligonucleotide 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 19: 
CCG AGC GTT GCA TAT GTG GAA G 22 



(2) INFORMATION FOR SEQ ID NO: 20: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 nucleotides 

(B) TYPE: nucleotide 

(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: oligonucleotide 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 20.: 
CGA CTC TAG AGG ATC CGA TTC 21 



(2) INFORMATION FOR SEQ ID NO: 21: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: IB nucleotides 

(B) TYPE: nucleotide 

(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: oligonucleotide 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 21: 
GGC GGA GCT AGC TTC GTA 18 



(2) INFORMATION FOR SEQ ID NO: 22: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 nucleotides 

(B) TYPE: nucleotide 

(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: oligonucleotide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO; 22: 
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GAT GTG ATG GCT CCT GGC 



IB 



(2) INFORMATION FOR SEQ ID NO: 23: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 nucleotides 

(B) TYPE: nucleotide 

(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: oligonucleotide 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 23: . 
CAG AAC ACC GAT TGA GTT 18 



(2) INFORMATION FOR SEQ ID NO: 24: 

(i) SEQUENCE CHARACTERISTICS: 
{A) LENGTH: 18 nucleotides 

(B) TYPE: nucleotide 

(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: oligonucleotide 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 24: 
AGT GCT TTC TAA ACG ATC 18 



(2) INFORMATION FOR SEQ ID NO: 25: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH 4 amino acids 

(B) TYPE: peptide 

(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 25: 
Ala Ala Pro Phe 
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CLAIMS 



What is claimed is : 

1. A method for making double-stranded mutagenized 
polynucleotides from at least one template polynucleotide wherein said 
mutagenized polynucleotides has at least one nucleotide which is different 
from the nucleotide at the same position in said template polynucleotide, said 
method comprising: 

a) conducting enzyme-catalyzed DNA polymerization synthesis from 

o . 

random-sequence or defmed-sequence primers in the presence of said 
template polynucleotide to form a DNA pool which comprises short 
polynucleotide fragments and said template polynucleotide(s); 

b) denaturing said DNA pool into a pool of single-stranded fragments; 

c) allowing said single- stranded fragments to anneal, under annealing 
conditions, to form a pool of annealed fragments; 

d) incubating said pool of annealed fragments with polymerase under 
conditions which result in extension of said double-stranded fragments to 
form a fragment pool comprising extended single- stranded fragments; 

e) repeating steps b) through d) until said fragment pool contains said 
mutagenized polynucleotides. 

2. A method for making double-stranded mutagenized polynucleo- 
tides according to claim 1 wherein said single- stranded fragments have areas 
of complementarity and wherein said step of incubating said pool of annealed 
fragments is conducted under conditions in which the short polynucleotide 
strands or extended short polynucleotide strands of each of said annealed 
fragments prime each other to form said fragment pool. 

3. A method for making double- stranded mutagenized polynucleo- 
tides according to claim 1 wherein said step of incubating said pool of 
annealed fragments is conducted in the presence of said template 
polynucleotide(s) to provide random repriming of said single-stranded 
polynucleotides and said template polynucleotide(s). 

4. A method for making double-stranded mutagenized polynucleo- 
tides according to claim 1 wherein at least one of said primers is a defined 
sequence primer. 
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5. A method for making double- stranded mutagenized polynucleo- 
tides according to claim 2 wherein at least one of said primers is a defined 
sequence primer. 

6. ' . A method for making double-stranded mutagenized polynucleo- 
tides according to claim 3 wherein at least one of said primers is a defined 
sequence primer. 

o 

7. A method for making double- stranded mutagenized polynucleo- 
tides according to claim 4 wherein said primer comprises from 6 to 100 
nucleotides. 

8. A method for making double-stranded mutagenized polynucleo- 
tides according to claim 5 wherein said primer comprises from 6 to 100 
nucleotides. 

9. A method for making double- stranded mutagenized polynucleo- 
tides according to claim 6 wherein said primer comprises from 6 to 100 
nucleotides. 

10. A method for making double- stranded mutagenized polynucleo- 
tides according to claim 4 wherein at least one defined terminal primer is 
used. 

11. A method for making double- stranded mutagenized polynucleo- 
tides according to claim 5 wherein at least one defined terminal primer is 
used. 

12. A method for making double- stranded mutagenized polynucleo- 
tides according to claim 6 wherein at least one defined terminal primer is 
used. 

13. A method for making double-stranded mutagenized polynucleo- 
tides according to claim 1 wherein said primers are defined sequence primers 
exhibiting limited randomness at one or more nucleotide positions within the 
primer. 
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14. A method for making double-stranded mutagenized polynucleo- 
tides according to claim 13 wherein said primers comprise from 6 to 100 
nucleotides. 

15. A method for making double- stranded mutagenized polynucleo- 
tides according to claim 13 wherein two or more defined primers specific for 
any region of the template are used. 

16. A method for making double- stranded mutagenized polynucleo- 
tides according to claim 1 wherein said primers are defined sequence primers 
exhibiting limited randomness at more than 30% of the nucleotide positions 
within the primer. 

17. A method for making double- stranded mutagenized polynucleo- • 
tides according to claim 16 wherein said primers comprise from 6 to 100 
nucleotides. 

18. A method for making double- stranded mutagenized polynucleo- 
tides according to claim 16 wherein two or more defined primers specific for 
any region of the template are used. 

19. A method for making double-stranded mutagenized polynucleo- 
tides according to claim 1 wherein said primers are defined sequence primers 
exhibiting limited randomness at more than 60% of the nucleotide positions 
within the primer. 

20. A method for making double- stranded mutagenized polynucleo- 
tides according to claim 19 wherein said primers comprise from 6 to 100 
nucleotides. 

21. A method for making double- stranded mutagenized polynucleo- 
tides according to claim 19 wherein two or more defined primers specific for 
any regions of the template(s) are used. 

22. A method for making double-stranded mutagenized polynucleo- 
tides according to claim 1 wherein said primers are random-sequence 
primers. 
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23. A method for making double- stranded mutagenized polynucleo- 
tides according to claim 22 wherein the lengths of said primers are from 6 to 
24 nucleotides long. 

24. A method for making double-stranded mutagenized polynucleo- 
tides according to claim 22 wherein said template polynucleotide(s) are 
removed from said DNA pool after generation of said short polynucleotide 
fragments. 

25. A method for making double-stranded mutagenized polynucleo- 
tides according to claim 1 which includes the additional steps of isolating said 
mutagenized double-stranded polynucleotides from said DNA pool and 
amplifying said mutagenized double- stranded polynucleotides. 

26. A method for making double- stranded mutagenized polynucleo- 
tides according to claim 25 wherein said mutagenized double-stranded 
polynucleotides are amplified by the polymerase chain reaction. 

27. A method for producing an enzyme comprising the steps of: 

a) inserting into a vector a double-stranded mutagenized 
polynucleotide made according to claim 1 to form an expression vector, said 
mutagenized polynucleotide encoding an enzyme; 

b) transforming a host cell with said expression vector; and 

c) expressing the enzyme encoded by said mutagenized 
polynucleotide. 

28. A process for preparing double-stranded mutagenized 
polynucleotides from at least one template polynucleotide, said mutagenized 
polynucleotides having at least one nucleotide which is different from the 
nucleotide at the corresponding position in said template polynucleotide, 
wherein said process comprises: 

(a) performing enzyme-catalyzed DNA polymerization from 
random-sequence or defined-sequence primers in the presence of said 
template polynucleotide(s) to form a DNA pool containing short polynucleotide 
fragments and said template polynucleotide(s); 

(b) denaturing said DNA pool into a pool of both single-stranded 
fragment polynucleotides and single- stranded template polynucleotides; 
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(c) allowing the single-stranded polynucleotides of said pool to 
anneal, under annealing conditions, to form a pool of double-stranded 
annealed polynucleotides; 

(d) incubating said pool of annealed polynucleotides with DNA 
polymerase under conditions which result in extension of said double- 
stranded polynucleotides to form a DNA pool containing extended double- 
stranded polynucleotides; and 

(e) repeating steps (b) through (d) until said DNA pool 
containing extended double- stranded polynucleotides contains said 

o ■ 

mutagenized polynucleotides. 

29. The process according to claim 28 wherein said pool of single- 
stranded fragment polynucleotides and single- stranded template polynucleo- 
tides contain single-stranded fragment polynucleotides having regions 
complementary to regions of other single-stranded fragment polynucleotides in 
said pool such that these fragment polynucleotides anneal to each other in 
step (c), and prime each other in step (d). 

30. The process according to claim 28 wherein said single- stranded 
template polynucleotide(s) anneal to at least some of the single-stranded 
fragment polynucleotides, in step (c), so as to provide random re-priming of 
said single-stranded fragment polynucleotides in step (d), 

31. A process for preparing double-stranded mutagenized 
polynucleotides from at least two template polynucleotides, said template 
polynucleotides including a first template polynucleotide and a second 
template polynucleotide which differ from each other, said mutagenized 
polynucleotides having at least one nucleotide which is different from the 
nucleotide at the corresponding position in said first template polynucleotide 
and at least one other nucleotide which is different from that at the 
corresponding position in said second template polynucleotide, wherein said 
process comprises: 

(a) performing enzyme- catalyzed DNA polymerization either 
from a set of random- sequence primers or from at least one defined- sequence 
primer, upon said template polynucleotides under standard DNA polymeriza- 
tion conditions or under conditions resulting in only partial extension, to form 
a DNA pool containing polynucleotide fragments and said template 
polynucleotides; 
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(b) denaturing said DNA pool into a pool of both single-stranded 
fragment polynucleo tides and single-stranded template polynucleotides; 

(c) allowing the single-stranded polynucleotides of said pool to 
anneal, under annealing conditions, to form a pool of double-stranded 
annealed polynucleotides; 

(d) incubating said pool of annealed polynucleotides with DNA 
polymerase under conditions which result in full or partial extension of said 
double-stranded polynucleotides to form a DNA pool containing extended 
double-stranded polynucleotides; and ' o . 

(e) repeating steps (b) through (d) until said DNA pool 
containing extended double-stranded polynucleotides contains said 
mutagenized polynucleotides; 

provided that, when (1) standard DNA polymerization conditions are used in 
step (b) or (2) full extension is the result in step (d), if at leiast one defined- 
sequence primer is used, at least one such primer must be a non- terminal 
primer. 

32. The process according to claim 31 wherein said first template 
polynucleotide differs from said second template polynucleotide in at least two 
base pairs. 

33. The process according to claim 32 wherein said two base pairs 
are separated from each other. 

34. The process according to claim 33 wherein said two base pairs 
are separated from each other by at least about 15 base pairs. 
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FIG. 3 
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